Transition state effects in the acid-catalyzed hydrolysis of 5-methoxyacenaphthylene 1,2-oxide: implications for the mechanism of acid-catalyzed hydrolysis of cyclopenta[cd]pyrene 3,4-oxide.
5-Methoxyacenaphthylene 1,2-oxide (5) was synthesized by the reaction of 5-methoxyacenaphthylene with dimethyldioxirane. The rates and products from the acid-catalyzed and pH-independent reactions of 5 in 50:50 dioxane/water have been determined. The half-life of the pH-independent reaction of this very reactive epoxide in 50:50 dioxane/water is only 22 s. Acid-catalyzed hydrolysis of 5 in 50:50 dioxane/water yields 62% of cis diol 6, 37% of trans diol 7, and approximately 1% of 5-methoxy-1,2-dihydroacenaphthylen-1-one (8). The pH-independent reaction of 5 yields mostly ketone 8 (94%), along with minor amounts of cis and trans diols. The relative stabilities of cis and trans diols 6 and 7 were determined by treating either cis or trans diol with perchloric acid in water solutions and following the approach to an equilibrium cis/trans diol mixture as a function of time. At equilibrium, the ratio of cis and trans diols is 19:81, which establishes that trans diol 7 is more stable than cis diol 6. The acid-catalyzed hydrolysis of epoxide 5 therefore yields the less stable cis diol as the major product. It is concluded that transition state effects therefore selectively stabilize the transition state for attack of water on the intermediate carbocation leading to the less stable cis diol. These results suggest that transition state effects are also responsible for formation of the major cis diol in the acid-catalyzed hydrolysis of cyclopenta[cd]pyrene 3,4-oxide, which has a cyclopenta-fused ring similar to that in 5.